Background: The CareGiver Oncology Quality of Life (CarGOQoL) questionnaire, a 29-item, multidimensional, self-administered questionnaire, was validated using a large French sample. We reported the linguistic validation process and the metric validity of the English version of CarGOQoL in the United-States. Methods: The translation process consisted of 3 consecutive steps: forward-backward translation, acceptability testing, and cognitive interviews. The psychometric testing was applied to caregivers of consecutive patients with representative cancers who were recruited from the Regional Cancer Center in northwestern Pennsylvania. All individuals completed the CarGOQoL at baseline, day-30, and day-90. Internal consistency, reliability, external validity, reproducibility, and sensitivity to change were tested. Results: The translated version was validated on a total of 87 American cancer caregivers. The dimensions of the CarGOQoL generally demonstrated a high internal consistency (Cronbach's alpha > 0.70 for all but four domain scores). External validity testing revealed that the CarGOQoL index score correlated significantly with all SF-36 dimension scores except the physical composite score (Pearson's correlation: 0.28-0.70). Reproducibility was satisfactory at day-30 (intraclass correlation coefficient: 0.46-0.94) and day-90 (0.43-0.92). Four specific dimensions of CarGOQoL showed responsiveness: the Psychological well-being, the Relationships with health care system, the Social support and the Finances. Conclusions: The American version of the CarGOQoL constitutes a useful instrument to measure QoL in caregivers of cancer patients in the United-States.
Background
In recent decades, the progress in cancer treatment and cancer detection has been considerable. This has rendered cancer, in many cases, a chronic illness, thereby resulting in difficulties for patients and caregivers [1, 2] . It has been recognized that caregiving adversely effects the caregiver in terms of their health, emotional status [3] [4] [5] [6] , and quality of life (QoL) [7, 8] .
Several groups have published detailed recommendations for the QoL assessment of caregivers. This is considered increasingly important with regard to evaluating the management of care provided to patients with chronic diseases [9] [10] [11] . QoL is commonly self-reported, and questionnaires must be robust, valid, and reliable, and must implement universally applied measures. Interviews with patients are commonly considered the best method to capture the patient's perceptions.
Among the instruments used to measure the QoL of cancer caregivers [12] , only three self-administered instruments were specifically developed for caregiver' populations using standard methods: the Caregiver Quality of Life Index (CQLI) [13] , the Caregiver Quality of Life Index-Cancer Scale (CQOLC) [14] , and, most recently, the CareGiver Oncology Quality of Life (CarGOQoL) questionnaire [15] . The CQLI is a straightforward questionnaire that was validated using a sample of five subjects, who were asked only to indicate the relevance of predefined items. The CQOLC, which has been more thoroughly developed, was based on a mixed approach combining interviews with patient-caregiver dyads and experts' points of view and was validated using a homogeneous sample comprised only of spouses. The CarGOQoL is the only questionnaire that meets the following criteria: i) based on the caregivers' exclusive point of view (involving the content analysis of 77 face-to-face semi-structured interviews performed by experienced professionals), which is now recognized as the best approach to develop a questionnaire based on a clear conceptual basis for QoL [16] [17] [18] ; ii) validated in a large heterogeneous sample of caregivers including partners, parents and children; and iii) capturing specific dimensions, such as self-esteem or private life. However, the CarGOQoL is solely available in the French language. We report the linguistic validation process and the metric validity of the English version of the CarGOQoL in the United-States.
Methods

Sample
Study participants were required to be: at least 18 years of age, designated by the patient as a 'natural caregiver' ('the non-institutional relative/person who is taking care most of me and who is not paid to provide care'), able to speak/read English, and free from cancer comorbidity. Patients were selected from a community oncology practice in northwestern Pennsylvania (the Regional Cancer Center). Patients were diagnosed with either localized or metastatic primary cancer (leukemia, breast cancer, urologic cancer, melanoma, digestive cancer, lung cancer, and others). Caregivers were enrolled between July 2013 and February 2015.
Ethics, consent and permissions
The participants all signed a written consent. The study was approved by The Saint Vincent Institutional Review Board (April 18, 2013; office number 814-452-5272).
Study design and data collection
Caregivers were evaluated upon enrolment and were reevaluated at 1 and 3 months. General characteristics related to the caregiver and the patient were collected upon inclusion. Self-administered survey materials were handed out and completed by the caregivers during the 3 evaluation times. These materials included the CarGOQoL questionnaire, the generic 36 Item Short Form (SF-36) questionnaire, and two visual analogic scales (VAS) to assess QoL and burden on a scale from 0 to 10. At the 1-and 3-month evaluations, caregivers were asked closed-ended questions about important (negative and/ or positive) changes in their own lives since enrolment and about their perceptions of changes in the patient's health (improved/stable/deteriorated).
General characteristics
The following parameters were collected from the caregivers: gender, age, marital status, nature of the relationship with the patient, and caregiving duration. The following parameters were collected from the patients: gender, age, cancer localization, disease duration, stage, performance status.
Quality of life: CareGiver Oncology Quality of Life questionnaire and the short-form 36
The CarGOQoL is a well-validated specific questionnaire for caregivers of cancer patients in France [15] that includes 29 questions describing 10 dimensions: psychological well-being, burden, relationship with health care, administration and finances, coping, physical wellbeing, self-esteem, leisure time, social support and private life. An index was computed. SF-36 questionnaire comprises 36 items that are used to calculate the following eight scale scores: physical functioning, social functioning, role-physical, role-emotional, mental health, vitality, bodily pain, and general health [19] . Two composite summary measures were also calculated: the Physical Component Summary (PCS) and the Mental Component Summary (MCS) scores. The PCS and MCS scores were norm-based using a linear T-score transformation with a mean of 50 and a standard deviation (SD) of 10. Both the CarGOQoL and the SF-36 questionnaires yielded scores on a 0-100 scale, where 0 represents the lowest QoL level and 100 represents the highest QoL level.
General organization
The development and linguistic validation of a questionnaire should be based on a unique methodology and acknowledged by health authorities, ethics' committees, and researchers in the field [20] . Two main steps were organized as follows: 1. the translation and the cultural adaptation process;and 2. psychometric testing. The two steps were planned under the coordination of a team that included the American clinical partners (two members of the Regional Cancer Center in northwestern Pennsylvania, United States of America) and the French developers of the CarGOQoL (two members of the Self-perceived Health Assessment Research Unit, Aix-Marseille University, Marseille, France).
Translation and cultural adaptation process
The developers (PM, PA) provided a conceptual definition of the original items (termed "list of concepts") to clarify the notions investigated in each item of the original French questionnaire. This list allowed for clarifying the notions investigated in each item of the original questionnaire in order to enhance harmonization across all language versions. The translation and the cultural adaptation processes were organized into several steps. First, forward translation of the CarGOQoL questionnaire from French into the target language (English) was performed by two native English speakers who were also fluent in French. Any differences between the 2 translated versions were discussed by the translators and the developers, thereby ensuring conceptual equivalence. A reconciled, harmonized, and agreed upon forward-translated version of the CarGOQoL was produced. Second, backward translation of this version into English was performed by two native French speakers who were also fluent in English. Any differences between the original French version and the back-translated version were discussed by the translators and the developers. A backtranslated English version was produced. Third, acceptability testing was performed on a small sample (from 6 to 10) of cancer caregivers. The understandability, misinterpretation, and acceptability were checked. Some terms were reworded and a new version was produced
Psychometric testing
The latest version was validated in a larger sample of caregivers in order to test the psychometric properties and to check the reliability and sensitivity.
Statistical analyses
The linguistic transcultural equivalence was ensured by the collaboration between the American physicians and the French developers. The psychometric testing was performed using the following procedure.
A confirmatory factor analysis (CFA) was performed using the LISREL model. The fit to the model was tested by computing the Root Mean Square Error of Approximation (RMSEA), and a value <0.08 was considered acceptable. Internal structural validity was assessed using item-dimension correlations: item internal consistency (IIC) was assessed by correlating each item with its scale (a correlation of 0.4 supported item internal consistency (IIC)), and item discriminant validity (IDV) was assessed by determining the extent to which items correlates with the dimension they are hypothesized to represent than with the other ones. Floor and ceiling effects were reported assessing the homogeneous repartition of the response distribution. For each dimension, internal consistency reliability was assessed using Cronbach's alpha coefficient. A Cronbach's alpha coefficient of at least 0.7 was expected for each scale [21] . The unidimensionality of each scale was assessed using Rasch analyses: item goodness-of-fit statistics (INFIT) and coefficient of Loevinger (H). INFIT statistics ranging between 0.7 and 1.2 and an H coefficient of at least 0.40 ensure that all the items of the scale tend to measure the same concept [22] . Differential item functioning (DIF) analyses were performed to compare the differences in item difficulties between the American caregivers and the French caregivers assessed in the CarGOQoL validation study [15] .
To explore external validity, relations between the following dimensions were assessed using Pearson's correlation coefficients (r): i) dimensions of CarGOQoL and the SF-36; and ii) dimensions of CarGOQoL and the VAS of burden/QoL. The underlying assumption was that the dimension scores of the CarGOQoL would better correlate with the scores of similar dimensions from the SF-36 than with dissimilar dimensions [15] . The discriminant validity was determined by assessing the associations between the CarGOQoL dimension scores and sociodemographic and clinical features. For qualitative variables, the mean dimension scores of the CarGOQoL were compared across patient groups that were expected to differ (e.g. gender, marital status, relationship, age classes) using Student's t test. Quantitative variables (e.g. caregiving duration and disease duration), were analyzed using Pearson's correlation coefficients. The underlying assumptions were derived from the initial validation of CarGOQoL [15] : women should report lower scores for emotional dimensions than men, caregivers who were single and who were children should report lower QoL, and patient's disease duration and caregiving duration should be correlated to some dimensions of QoL.
Reproducibility was tested by assessing the test-re-test reliability using intraclass correlation coefficients (ICC) between the two successive assessments in stable caregivers who were defined in two ways: i) caregivers reporting no life events and ii) caregivers reporting no health changes of the patient. Sensitivity to change was tested through comparisons of the mean scores between the two successive assessments in caregivers who reported improved or worsened health statuses of the patient. Data analyses were performed using SPSS 11.0, MAP-R, and WINSTEP software.
Results
Sample characteristics
The study sample included 87 American caregivers of cancer patients. Table 1 details the different characteristics of the caregivers and patients. The mean (standard deviation) age of caregivers was 60 (standard deviation 11) years. In 65 % of cases, the caregiver was the spouse of the patient. The median caregiving duration was 8 years (interquartile . The most frequent locations of the patients' cancer were breast and lung.
Construct validity and internal structural validity
The structure was confirmed using CFA, which showed a reasonable fit (RMSEA at 0.800). There were no differences in the DIF results between the American individuals and the French sample [15] for all of the items. All of the correlations of each item with its contributive dimension and with the other dimensions are presented in Table 2 , which shows overlapping of some dimensions. Floor and ceiling effects were considered satisfactory (the ceiling effects of 3 dimensions were higher than 25 % of the Burden, Administration and finances, and Social support dimensions). Six dimensions of the CarGOQoL showed satisfactory internal consistency (Cronbach's alpha: 0.71-0.87). Eight dimensions showed a satisfactory scalability. The Burden and the Relationship with healthcare dimensions (Burden, item 8 "… been embarrassed to be the only person to provide assistance"; Relationship with healthcare, item 10 "… been reassured by the health care providers" and item 11 "… felt that your role as caregiver was recognized by health care providers") showed an INFIT statistics outside the acceptable ranges. All of the results are provided in Table 2 .
External validity and discriminant validity
The concepts covered by the CarGOQoL and the SF-36 do not systematically overlap. In particular, some specific dimensions of CarGOQoL, including Relationship with healthcare and Self-esteem, were not correlated with the SF-36 dimensions. As expected, the 'emotional-like' dimensions of the CarGOQoL (Psychological well-being, Burden, and Coping) were moderately to highly correlated with the 'emotional-like' dimensions of SF-36 (Role emotional, Mental health, and the Mental composite score). Leisure and Private life were moderately correlated with the Social functioning score of SF-36. The Burden score was significantly correlated with the visual analogic scale of Burden. The index was significantly correlated with the VAS of QoL. All correlations are detailed in Table 3 .
The discriminant validity of CarGOQoL was assessed using the clinical and sociodemographic characteristics (Table 4) . Women reported significantly lower scores in the Psychological well-being dimension. Caregivers living with a partner reported significantly better QoL in 2 dimensions: Administration and finances and Coping. Caregivers who were children and who were younger reported significantly lower scores in 3 and 2 dimensions.
The age and gender of the caregivers were negatively linked to the caregivers' QoL in some dimensions.
Reproducibility and sensitivity to change
The numbers of patients defined as stable based on the absence of self-reported positive/negative events in their life between 2 assessments were 17 on day-30 and 19 in day-90; the numbers of patients defined as stable based on the absence of self-reported health changes between 2 assessments were 39 on day-30 and 29 on day-90. The test-retest reliability at day-30 was satisfactory showing an ICC ranging from 0-53 to 0.94, except for Relationship with healthcare and Private life (0.46 and 0.48, respectively). The reliability on day-90 was also satisfactory, with an ICC higher than 0.50 for all (12) , digestive (7), thyroid (1), knee (1), unknown primary (3) dimensions except Relationship with healthcare and Self-esteem. All of these results are presented in Table 5 . Sensitivity to change was tested on a sub-sample in which the patients' health statuses either improved or worsened. The questionnaire was not sensitive to the change in the patient's health status, except in the Leisure time dimension at day-30 and in the Psychological well-being, Relationship with healthcare, Social support, and Administration and finances dimensions at day-90. All these details are presented in Table 6 .
Acceptability
The median time for completion of the questionnaire was 6 min, with an interquartile range of 4 to 11. The missing data were very low (less than 0.5 %).
Discussion
The CarGOQoL is a well-designed and well-validated questionnaire assessing QoL of cancer caregivers. The CarGOQoL was developed in France, and we reported the validation of the American version of the CarGOQoL in the United-States. To answer the scientific and regulatory requirements that are specific to this field, the development and linguistic validation should be based on a unique methodology acknowledged by health authorities, ethics' committees, and researchers in the field [20] . The rigorous linguistic validation process that we used in this work ensures that the original concepts and content validity were retained, and that cross-cultural differences related to health between different countries were taken into account. The absence of DIF supports the good quality of the translation.
The availability of an American version of CarGOQoL will enable clinical investigators to incorporate an assessment of the CarGOQoL into their studies. Providing multiple language versions of a questionnaire allows researchers to pool data from different countries in multinational studies, to compare scores between countries and to establish norms. From this American version, other versions should be provided (such as an English version for United Kingdom and Australia). In this case, the standard process consists of a slighter cultural adaptation process. The American version will be considered the "mother" language, which will be adapted to the cultural and linguistic context of the target country.
Compared to other instruments assessing QoL of caregivers of cancer patients, the CarGOQoL has at least two interesting specificities. First, the questionnaire is designed to reflect the exclusive point of view held by caregivers themselves obtained from face-to-face, semistructured interviews based on guidelines from the literature [23] . The questionnaire allows for the identification of specific dimensions, such as Self-esteem, that focus on positive aspects of caregiving [2] , or Private life, [24] . In accordance with this interpretation, item 8 ("… been embarrassed to be the only person to provide assistance") was the only item with an unacceptable range. We hypothesized that "assistance" is not identically understood by an American population compared to a French population. In the case of an existing test, the overfitting needs no action [25] . The study design allowed us to assess core psychometric properties, such as reproducibility and sensitivity to change, which are two core psychometric properties of a measuring instrument [26, 27] . This study showed that the CarGOQoL may be incorporated into longitudinal studies to detect a meaningful QoL change in cancer caregivers. As a specific QoL instrument that focuses on particular life problems, the CarGOQoL is sensitive enough to detect and quantify small changes. In accordance with the US Food and Drug Administration and the European Medicines Agency which encourages the use of QoL assessments, the CarGOQoL may be more appropriate than generic questionnaires due to its better ability to discern QoL differences in cancer caregivers. This measure could be used to monitor response to any intervention. An examination of responsiveness requires longitudinal data collection and is, therefore, rarely used in studies reporting the validation of QoL questionnaires. Finally, environmental barriers have been described [28] to explain why QoL measures have not been routinely implemented in clinical practice and clinical research. A great asset of a QoL questionnaire is its acceptability. The low rate of missing data and the short time of completion ensure the future use of this measure and make the CarGOQoL fully compatible with clinical practice.
The demographics of the French and American samples varied slightly. The American sample has a similar sexratio to the French sample used in the validation study of the initial French version of CarGOQoL. The American caregivers were older than the French caregivers (60+/− 11 vs. 52 +/− 14 [15] ) and reported a shorter duration of caregiving. The majority of American caregivers were partners. Children and parents were underrepresented compared to the French sample. Indeed, the French sample contained an important contingent of caretakers who were predominantly parents due to the large number of haematological cancers affecting young patients in the French sample.
Some limitations should be considered. The major limitation is the small sample size, which requires replication of these findings in larger groups of caregivers. Likewise, some indicators of internal structural validity were sometimes not optimal. The degree to which the American structure matches the initial French structure should also be quantified. This quantification has already be applied using suitability indices [29] . These indices, which were produced from decision rules to define satisfactory properties according to appropriate standards [23, 30] , allow for a more objective determination of the suitability or unsuitability of different structures.
Conclusion
Despite some non-optimal indicators of validity, the American version of the CarGOQoL constitutes a useful, clinical instrument to measure QoL in caregivers of cancer patients in the United States. Further linguistic validation will be done using the English version of CarGOQoL for caregivers in the United Kingdom, Canada, and Australia to provide appropriate translations that are culturally relevant and conceptually equivalent to the original.
